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Abstract
The relationship between physical activity and risk of symptomatic diverticular disease has not been investigated directly. This association was examined in a prospective cohort of 47 678 American men, 40 Earlier this century diverticular disease was widely believed to be rare, and was regarded as a pathological curiosity. This prompted Burkitt and Painter to call it 'a 20th century problem' or 'a disease of Western civilisation',5 6 in contrast to its rarity in many developing countries.7 This sharp contrast was largely attributed to dietary differences, mainly in the decline of dietary fibre intake from cereal grains.5 The dietary fibre hypothesis is supported by human8-13 and animal studies.14-16 Previous case-control studies have found that patients consumed less fibre than controls, and we observed similar findings in the prospective health professionals follow-up study (unpublished). However, other potential risk factors, such as physical activity, body composition, smoking, alcohol, coffee drinking, total energy intake, and other dietary components, might also explain the difference in rates between developed and developing countries. Several studies,'7-20 reported an effect of physical activity on colonic functions, particularly a reduction in transit time, suggesting that activity might also reduce the risk of diverticular disease. This hypothesis, however, has not been prospectively investigated.
Methods

STUDY POPULATION
The health professionals follow-up study is a prospective study of heart disease and cancer among 51 529 US male health professionals, aged 40-75 years in 1986 . The study began in 1986 when cohort members completed a detailed food frequency questionnaire and provided information about medical history, age, weight, height, smoking, alcohol consumption, physical activity, and history of professionally diagnosed medical conditions. Every two years (1988, 1990, 1992) cantly associated with the risk of diverticular disease (p for trend=0.47 for energy, 0.31 for height) (see Table I ). We observed a positive association between the age adjusted BMI and the risk of symptomatic diverticular disease (p for trend=0.05) (see Table I ). The associations between total energy intake, BMI, height, and risk of symptomatic diverticular disease were attenuated, when assessed separately in multivariate models with age, physical activity, energy adjusted dietary fibre, and energy adjusted total fat, and none was statistically significant (see Table I ). We examined the relationships of age adjusted total physical activity, vigorous activity, and non-vigorous activity with Table II ). When we analysed separately total physical activity, vigorous activity, and non-vigorous activity in multivariate models with age, energy adjusted dietary fibre, and energy adjusted total fat, our findings did not change appreciably from those in the age adjusted model (see Table II ). When we included vigorous activity and non-vigorous activity simultaneously in the multivariate model with age, energy adjusted dietary fibre, and energy adjusted total fat, our findings did not change appreciably (RR for vigorous activity=0-60, 95% CI 0.41, 0.87; RR for non-vigorous activity=0-93, 95% CI 0.67, 1-29). Vigorous activity accounted for 61 % of the total physical activity score. Television viewing or video watching, an important indicator of inactivity,34 was positively associated with the risk of symptomatic diverticular disease (p for trend=0.006) (see Table II ).
We also examined the various specific sports and recreational activities on the list in relation to the risk of symptomatic diverticular disease (see Table III ). Several specific activities tended to be inversely associated with the risk of symptomatic diverticular disease, though most were not statistically significant. Age adjusted jogging and running combined, cycling, and racquet sports were the only sport activities that were statistically significant Dietary fibre intake (g/d)
Relative risk (adjustedfor age and totalfat) of symptomatic diverticular disease in relation to levels of energy adjusted dietary fibre intake and physical activity.
(p for trend=0.007 for jogging and running; p for trend=0.03 for cycling; p for trend=0.03 for racquet sports). When cycling, racquet sports, and jogging and running were analysed separately in a multivariate model including age, energy adjusted dietary fibre and energy adjusted total fat, cycling and racquet sports were no longer significant, while jogging and running retained statistical significance (see Table III ). The associations between total and vigorous activity and risk of symptomatic diverticular disease were stronger among men under the age of 65 years (RR for total physical activity=0.49, 95% CI 0.33, 0.74; RR for vigorous activity=0.49, 95% CI 0-32, 0 77). Using a multivariate model controlling for age and energy adjusted total fat, we examined the risk of symptomatic diverticular disease among the subjects classified jointly according to their intake of dietary fibre, and physical activity. For men in the lowest quintile for both dietary fibre and physical activity (compared with those in the opposite extreme), the relative risk of symptomatic diverticular disease was 2.56, 95% CI 1.36, 4.82 (see Figure) . The association between a low level of physical activity and the risk of symptomatic diverticular disease was strongest among men with low intake of fibre. However, the interactions between total or vigorous activity and dietary fibre were not statistically significant when examined in a multivariate model that also included age and energy adjusted total fat (for interaction, p=0.33 with total physical activity; p=0.38 with vigorous activity).
To evaluate the possibility that biased detection of diverticular disease might have occurred among individuals who had an endoscopic procedure for routine screening or for gastrointestinal conditions unrelated to diverticular disease, we restricted our analysis to the 3484 participants who reported that they had colonoscopy or sigmoidoscopy, or both, between 1988 and 1992. Among these men, the relationships between physical activity and the risk of symptomatic diverticular disease, were similar to those in the analysis including all men. In this limited subset, we used the same multiple logistic regression model with age, energy adjusted dietary fibre, energy adjusted total fat, and compared the effect of high versus low levels of physical activity, using the same cut points as in the analysis. For total physical activity, the RR was 0.45 (95% CI 0.26, 0.78).
Discussion
These prospective data suggest that physical activity, in general, and vigorous activity, in particular, reduce the risk of symptomatic diverticular disease. Risks were more notably raised among men with both low dietary fibre consumption and low physical activity. To our knowledge, a prospective assessment of physical activity has not been considered in previous studies of diverticular disease. Apart from reports of higher prevalence of diverticular disease in urban settings, or among sedentary occupations,35 the role of physical activity and its association with diverticular disease has not been explored in detail in previous studies.
In our data, there was a weak positive association between increasing BMI and the risk of symptomatic diverticular disease. In a recent study, more severe diverticular disease was reported to occur in young (<40 years) obese men. 36 We could not address this hypothesis, since the participants in our study are all over the age of 40 years.
We observed a reduced risk of symptomatic diverticular disease with increasing physical activity level particularly vigorous activity. Jogging and running were the only specific activities that were individually statistically significant after controlling for age, energy adjusted dietary fibre, and energy adjusted total fat. However, in these data, all the vigorous activities had a trend toward reduced risk, and it seems that the overall level of vigorous physical activity is the dominant factor and not any specific exercise.
A limited number of studies have addressed the effect of physical activity on colonic function, despite the widely held belief of a beneficial effect of exercise on gastrointestinal functions. A reduction in transit time was the consistent finding in most of the studies that addressed the effect of exercise on colonic function,18 19 although some did not observe such an effect. 37 An increase in colonic motor activity has been postulated; however, the exact mechanism of this effect is still not clear. Some authors have suggested that the effect might be multifactorial, involving hormonal, vascular, and mechanical aspects.18 Whether physical activity influences diverticular disease through any of these or other mechanisms, and whether specific exercise (for example, jogging and running) has specific effects on colonic functions needs to be explored.
It has been argued that the abdominal pain associated with diverticular disease is a result of existing irritable bowel syndrome (IBS).
Since both conditions are common, some overlap between them might exist. How-ever, the prevailing understanding is that diverticula can cause symptoms which vary from a mild left quadrant pain to severe abdominal pain,30 and in extreme cases perforation and bleeding. Moreover. IBS has a gradual onset as early as adolescence,38 compared with the much later and shorter presentation of symptomatic diverticular disease. In addition, patients with IBS have a much higher measure of anxiety and obsession,39 which is not a common finding in symptomatic diverticular disease. There are no concrete and uniform criteria which define IBS, and the only diagnostic criterion which is accepted is the absence of an organic lesion,40 making IBS a diagnosis of exclusion, which is not the case in symptomatic diverticular disease.
Since most cases of diverticular disease cases are asymptomatic, and diagnosis is made when affected individuals develop symptoms, we explored the possibility that the associations we observed were due to detection bias related to the participants' level of physical activity. We restricted the study population to subjects who had had endoscopies within our follow up period to eliminate the possibility of any spurious associations due to any relationship between physical activity and the rate of endoscopy. Among the subpopulation of men with recent endoscopies, our findings were not appreciably different from those in the eligible cohort; indeed, the association was even slightly stronger, though this difference was not statistically significant. We also examined the possibility that the rate of endoscopies for abdominal symptoms among our participants (excluding symptomatic diverticular disease cases), might be related to their level of physical activity (for example, people who are not physically active might have more abdominal symptoms, and hence more endoscopies). However, the opposite was found, in that those participants who reported having endoscopies for abdominal symptoms (unrelated to diverticular disease) were in fact exercising more and eating more fibre. We therefore conclude that detection bias is unlikely to have appreciably influenced our results.
Because we relied mainly on self report rather than obtaining complete medical records for all the positive respondents, we could not exclude right sided diverticulosis from our cases. However, among the 108 cases from whom we obtained medical records, exclusively right sided diverticulosis was present in less than 4%, which is what is expected in a western population.29 This is in contrast to the orient where diverticular disease is predominantly right sided. [41] [42] [43] Biased recall of physical activity was unlikely, because the physical activity data were collected before the diagnosis of symptomatic diverticular disease. We have controlled for potential risk factors such as age, dietary fibre, total fat, types and sources of fat, smoking, alcohol, and socioeconomic status by the nature of our population of male health professionals. We recognise that some degree of misclassification in physical activity is inevitable. However, the prospective design of this study means that any misclassification would be random with regard to case status, and hence would tend to attenuate any association. Our findings are most directly generalisable to US men 40 years and older.
Apart from reports of higher preponderance of diverticular disease in women,2 we have no reason to believe that the relations we observed in men would be different.
Our findings suggest that increasing levels of physical activity reduce the risk of symptomatic diverticular disease. They also provide evidence that the combination of low physical activity and a diet low in fibre particularly augments the risk. 
